The influence of physical activity (PA) changes on risk of abdominal fat gain in midlife women has not been studied using objective measures and controlling for potentially confounding variables. Methods: Changes in PA were assessed within a prospective cohort of 233 middle-age (40 ± 3 years), nonobese, nonsmoking, primarily Caucasian women by using accelerometers, worn continuously for 7 consecutive days at baseline and again at a 20 month follow-up. Weighed food intake diaries were completed on concurrent days. Bod Pod assessed total body fat. Abdominal fat was measured by abdominal circumference at the umbilicus. Results: Women who decreased PA gained abdominal fat across 20 months, while women who increased PA (F = 4.82, P = .009) did not. Change in PA remained an independent predictor of abdominal fat change after adjusting for potential confounders, including changes in total body fat and total energy intake. Compared with women who maintained or decreased PA, women who increased PA had approximately half the risk (RR = 0.52, 95% CI: 0.27, 0.98) of gaining abdominal fat. Conclusions: Increasing daily physical activity may attenuate risk of abdominal fat gain in middle-age women independent of changes in total body fat or energy intake.
Obesity, and in particular, abdominal obesity, is escalating in the United States at an epidemic rate and has become a leading health concern. Over the past 4 decades, the prevalence of overweight and obesity has increased several-fold, [1] [2] [3] with nearly a third of the U.S. population now considered clinically obese. 2 Over half of U.S. adults are abdominally obese: 4 a phenotype which increases risk for myocardial infarction, 5 type 2 diabetes, 6 and all-cause mortality. 7 An elevated abdominal circumference imparts an even greater economic and health care burden than overall obesity, 8 and is a widely-used marker for the assessment of metabolic risk associated with abdominal fat. 9 Perhaps owing to estrogen levels which deter abdominal fat deposition, younger women generally have significantly lower abdominal circumferences and also a lower incidence of metabolic disease than similar-age males. 10, 11 An accelerated accumulation of abdominal fat in middle-age women 12, 13 coincides with a marked increase in disease rate that no longer differs from that of their male counterparts at age 70. 14 Although evidence from intervention trials confirm the effectiveness of increasing physical activity as a treatment strategy for reducing abdominal fat, 15 only two prospective studies have provided insight into whether regular physical activity attenuates the progression of agerelated abdominal fat deposition in healthy middle-age women, and these rendered equivocal results. 16, 17 While one study found a relationship between physical activity change and waist-to-hip ratio independent of body mass index, 17 the other reported that sport participation was related to weight loss, but not a reduction in abdominal girth. 16 Both studies employed self-report or recall measures of physical activity. A cross-sectional analysis using accelerometers as an objective measure of physical activity on a subset of women from the latter study revealed that higher levels of physical activity were significantly associated with a smaller abdominal circumference. 18 Whether objectively-measured changes in physical activity predict abdominal fat changes in middle-age women has yet to be examined.
The current lack of clarity of the physical activity and abdominal fat relationship in longitudinal studies of middle-age women may be attributed to the insensitivity of self-reported physical activity assessment. It was therefore proposed that when objectively-measured physical activity changes were examined over a 20-month period in middle-age women, increasing activity would attenuate age-related abdominal fat increase. The hypothesis was that this relationship would remain after accounting for initial physical activity levels and changes in total body fat and total energy intake.
Methods and Procedures

Design
Using subjects from an existing prospective cohort, 20-month changes in physical activity, energy intake, and total and abdominal fat were examined in women between the ages of 35 and 45 years at baseline. The study was approved by the University Institutional Review Board, and each participant gave written informed consent before participating in the baseline and follow-up assessments.
Participants
Cohort characteristics and subject recruitment have been reported previously. 19, 20 In brief, healthy women were sought from a Mountain West region for participation in a prospective study examining factors related to weight gain. Smokers, those with a body mass index (BMI) in excess of 30 kg/m 2 , and those who intended to become pregnant during the prospective period were excluded from participation at baseline. Health status was determined by a physical activity readiness questionnaire (PAR-Q).
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Assessments
Physical Activity. Actigraph accelerometers (Health One Technology, Inc., Fort Walton Beach, Florida) 22, 23 were worn continuously for 7 days at baseline and then repeated at follow-up. These activity monitors (originally known as CSA accelerometers) have been shown to be valid and reliable instruments in the measurement of acceleration, 24 and correlate well with indirect calorimetry in assessing energy expenditure. [25] [26] [27] [28] [29] To minimize measurement error and to produce reliable physical activity data, the accelerometers were worn constantly for 7 consecutive days. Subjects were allowed to loosen the hip strap for comfort during sleeping hours, only removing the accelerometer for activities where the monitor would become submerged in water. The accelerometer was oriented on the left hip at the level of the navel, and each subject used the same accelerometer at follow-up as at baseline. 22, 23 Accelerometers were programmed to sum activity counts into 10-minute intervals, or epochs. Each day was thus divided into 144 epochs, resulting in 1008 data points over the test week. Total physical activity was represented by the daily average of summed epochs over the 7-day period.
Abdominal Fat. Abdominal fat was indexed using abdominal circumference measured at the umbilicus with a nonelastic measuring tape, according to the standardized protocol recommended by Lohman. 30 Subjects were dressed in standard university-issue swimsuits for both baseline and follow-up assessments. Two circumferences were obtained on a subset of 163 subjects, and if the difference between those 2 was greater than 1 cm, a third measurement was taken. Three circumferences were required on 18% of the sample, and the 2 closest values entered the reliability calculation. The 2 measures (84.4 ± 10.3 cm and 84.4 ± 10.4) did not differ significantly, and test-retest reliability was excellent (intraclass correlation: R = .99, P < .001). Abdominal circumference at the umbilicus predicts abdominal adiposity extremely well, explaining 91% of the variance in adipose tissue quantified in cross-sectional abdominal images using magnetic resonance imaging.
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Total Fat. Total body fat was measured using the Bod Pod (Life Measurement Instruments, Concord, California). While wearing a standard swimsuit and swim cap, subjects had thoracic lung volume and total body volume measured using a Bod Pod that was calibrated with a known-volume cylinder used at both baseline and follow-up. These measurements were repeated until 2 body fat percentage results were within 1 percentage point. The mean of the two results was used. This protocol yielded excellent test-retest reliability (intraclass correlation: R = .99, P < .001) and concurrent validity (intraclass correlation: R = .97, P < .001) with dual energy x-ray absorptiometry results (Hologic 4500W, Bedford, Massachusetts) using a subset of 100 women from this sample, as previously described.
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Energy Intake. Energy intake was measured using a 7-day weighed food intake record. Each participant was given 7 blank food records, with space for recording weight and descriptions of food. An Ohaus 2000 electronic scale (Florham Park, New Jersey), which gives digital readings in grams, was issued to the participant along with a verbal and visual explanation of how to use it. All food consumed during the 7 consecutive days was weighed and recorded, and the total calorie intake from each of the days was averaged to derive a mean daily calorie intake. This food intake record was conducted on the same 7 days that the accelerometers were worn.
Certain precautions were taken to encourage accurate energy intake results. First, research personnel made contact with each subject by telephone to answer questions, remind them to eat foods representative of their normal lifestyle, and thank them for diligently recording the weight of all foods eaten. Second, subjects were weighed before and after the testing week on an electronic scale (Tanita Corporation, Japan) to ensure that significant weight change did not occur. Third, the diet records were analyzed by a registered dietician using the ESHA Research software program, version 7.2 (Salem, Oregon). If total caloric intake did not exceed 130% of resting metabolic rate, the subject was asked to redo the record on a subsequent 7-day assessment or was dropped from the study.
Data Analysis
Changes in physical activity, abdominal circumference, energy intake and total body fat were determined by subtracting baseline values from 20-month follow-up. Participants were divided into quartiles based on physical activity changes from baseline to follow-up, with the middle two quartiles combined, creating 3 activity change groups. Expressed below as mean ± standard deviation and range of daily activity count changes, the 3 groups were defined according to each group's mean direction of physical activity change: 1) Decreased PA (N = 58; mean: -143,661 ± 51,736, range: -297,876 to -77,355 activity counts), Maintained PA (N = 116; mean: -21,460 ± 31,534, range -76,570 to 35,681 activity counts), or Increased PA (N = 59; mean: 110,169 ± 94,614, range: 36,974 to 582,875 activity counts). Regression analysis using the general linear model (GLM) procedure was employed to compare the differences in abdominal circumference change between PA change groups, including statistical control of potential confounding variables such as age, baseline physical activity, baseline energy intake and baseline total body fat, as well as changes in energy intake and total body fat.
Relative risk (RR) was calculated using incidence data over the 20-month period, comparing risk of gaining substantial abdominal girth (>4.4 cm, scores ≥ 75th percentile) with those who did not (scores < 75th percentile) in reference to physical activity changes in the sample. Physical activity change was categorized by the previously-established groups: Increased PA, Maintained PA, and Decreased PA. Significance was determined using 95% confidence intervals (95% CI). All statistical analyses were computed using the SAS system, version 9.1 (Cary, North Carolina).
Results
Cohort Description
Of the 275 healthy, middle-age women who initially began this prospective study, 18 moved away, 4 became pregnant, and 20 lost interest or were unavailable for follow-up testing. Approximately 90% of the women were Caucasian, 85% were married, 60% were employed, and nearly all the sample had at least a high school diploma. The mean age at baseline was 40.0 ± 3.0 years. Average time between baseline and follow-up was 600 ± 87 days. Baseline, follow-up, and change values for physical activity and anthropometric variables are shown in Table 1 for the 233 (85% of original sample) women who completed both baseline and follow-up assessments. Women lost to follow-up did not differ on any baseline measure from those who remained in the study (P > .10).
Physical Activity and Abdominal Fat Changes
Mean body fat percentage and abdominal circumference increased over 20 months in the entire sample of women, while daily physical activity decreased (P < .05) ( Table  1 ). Figure 1 illustrates the distribution of physical activity change within the cohort and indicates approximate cutpoints for upper and lower quartiles of change. Subjects who decreased or maintained physical activity increased abdominal fat significantly, whereas those who increased physical activity did not (P < .001) (Figure 2 ). The inverse relationship between change in physical activity and abdominal fat change remained significant after adjusting for potential confounders such as age, initial physical activity, energy intake, total body fat, waist circumference, and changes in energy intake and total body fat over 20 months (P < .05) ( Table 2) . Furthermore, despite a 33% reduction in strength of association when controlling for concurrent changes in total body fat, change in physical activity remained a significant predictor of abdominal fat change (P < .05) ( Table 2) . Subjects who increased daily physical activity (Increased PA group) had approximately half the risk (RR = 0.52, 95% CI = 0.27, 0.98) of substantially increasing abdominal fat (being over the 75th percentile of abdominal fat gain; >4.4 cm) during the 20 months when compared with those who either maintained or decreased physical activity. Note. Significant change from baseline to follow-up (P < .05) was observed in all listed variables. a Daily physical activity represents the daily mean of activity counts from 7 consecutive days, divided by 1000. 
Discussion
The primary finding in this study is that changes in physical activity predict abdominal fat changes in middle-age women, regardless of physical activity level, energy intake, total body or abdominal fat at baseline, or 20-month changes in daily energy intake and total body fat. A key result in this analysis is that abdominal fat appears to be responsive to changes in daily physical activity independent of total body fat change. Thus, regardless of whether a middle-age woman gains or loses total body fat over time, she must increase her physical activity to avoid gaining abdominal fat. Women who increased physical activity over the study duration had approximately half the risk of substantial abdominal fat gain than women who decreased or even maintained their daily physical activity. A similar independent or preferential reduction of abdominal obesity has also been observed in middle-age women participating in a moderate-intensity exercise intervention, 32 and is consistent with studies reporting significantly increased lipolysis in abdominal subcutaneous adipose tissue compared with femoral adipose tissue. 33, 34 With abdominal obesity now recognized worldwide as a central feature in the metabolic syndrome, 35 and with the tendency for women to accumulate abdominal fat rapidly during middle age, 36 the observation that women may attenuate age-related abdominal fat gain simply by increasing physical activity conveys an important clinical and public health message.
The results of the current study agree with numerous cross-sectional studies which report that women who are more physically active have less abdominal fat than those who are sedentary. 18, 37, 38 Data from several randomized controlled trials conducted in healthy women of varying ages confirm that increasing daily exercise, even without dietary modification, is associated with significant abdominal fat loss. 32, 39, 40 Results from previous prospective studies, however, have been less conclusive. Consistent with the results of this study is a 3-year prospective study of middle-age women that found a significant inverse relationship between changes in abdominal fat, measured by waist-to-hip ratio, and changes in self-reported physical activity. 17 By contrast, a large prospective cohort study of women's health across the nation (SWAN) showed significant weight loss, but no significant abdominal circumference change in women who increased selfreported exercise or sport participation. 16 The inadequacies of self-report physical activity data 41 may partly explain the equivocal results found in previous prospective studies. Emphasizing this point is the more recent report within the SWAN study that abdominal girth was significantly less in Caucasian women who had greater accelerometer-measured physical activity over a 7-day period. 18 Using a similar accelerometry protocol, the current study confirms the SWAN study cross-sectional results and then provides evidence for a link between longitudinal changes in physical activity and abdominal fat in middle-age women over a 20 month period.
In a post hoc comparison of the lowest and highest quartiles of baseline physical activity, 48% of the women in the highest physical activity quartile at baseline were classified in the Decreased PA group, and 37% of the women in the least active quartile at baseline were in the Increased PA group after 20 months. This trend illustrates a regression of physical activity extremes toward the mean over time and underscores two important health messages. First, it appears that even the most active women need to work to maintain a physically active lifestyle. If they do not, they will tend to gain abdominal fat. Second, it is possible for even the most sedentary women to make significant progress toward adopting a pattern of physical activity. These data suggest that sedentary women who increase their activity levels significantly will tend to avoid the abdominal fat gains commonly observed in this age range. Previously published results from this cohort have demonstrated that 40,000 to 50,000 activity counts approximates 10 minutes of brisk walking (4 miles per hour). 19 The mean increase in weekly accelerometer counts observed in the highest quartile of physical activity change in this study was just over 770,000 activity counts: roughly equivalent to an additional 30 minutes a day, 5 days a week of moderate-intensity exercise. Without structured intervention, over one-third of the most sedentary subjects increased their weekly physical activity at a magnitude sufficient to meet current consensus guidelines for aerobic activity, 42 and avoided the abdominal fat accumulation typical of women in their age range. One possible explanation for this spontaneous increase in physical activity may simply be participation in a prospective study wherein knowledge of impending assessment stimulates personal progress. Despite overt participation in a prospective lifestyle study, however, nearly half of the most active subjects failed to maintain their physical activity levels and gained abdominal fat. These observations reinforce the need for middle-age women to adopt and maintain an active lifestyle for the reduction of obesity-related health risk.
Strengths of this study include a design that charted longitudinal changes in a sample of more than 200 women, objective measures of physical activity and energy intake using accelerometers and weighed food records, and assessment of both total body fat percentage and abdominal circumference so that region-specific differences in adiposity change could be elucidated. While the use of Bod Pod and waist circumference for total and regional adipose tissue are well-established methods and can be viewed as a strength, future work could include more advanced and direct measures of adipose tissue distribution such as computed tomography or magnetic resonance imaging for direct quantification of abdominal fat depots. In addition, the sample is composed of initially healthy, nonobese and predominantly Caucasian women, and since there are known fat distribution differences with regards to race and disease states, application of the results is restricted to women with similar characteristics. Another limitation may be the comparatively short prospective examination period. Extended observation would likely increase the strength of associations observed in this 20-month study. However, the significant changes in fat distribution observed in this prospective cohort and others 13, 16, 17 indicate that age-related changes occur relatively rapidly in middle-age women, thus facilitating discovery of factors that attenuate the progression of obesity during this important life stage.
In summary, these results suggest that increasing regular physical activity may help to mitigate the progressive abdominal fat gain commonly observed in middle-age women. Increasing physical activity reduces risk of abdominal fat gain above and beyond changes in total adiposity and energy intake. The health implications of an age-related increase in abdominal obesity are well established and provide impetus for change, especially in women who are transitioning into a life stage burdened with obesity-related metabolic disease and disability. Making lifestyle choices that include increasing regular physical activity may attenuate or even reverse the progression of abdominal fat deposition and thus reduce its associated health risks in middle-age women.
